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Passive Cigarette Smoke Exposure of Infants 
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Objective; To learn whether cigarette smoking by per¬ 
sons other chan parents Significantly contributes to the 
passive environmental tobacco smoke (ETS) exposure of 
infants. 

Study Design; a cohort of infants prospectively fol¬ 
lowed up from birth tD age 2 years with monthly ques¬ 
tionnaires concerning smoking by different categories of 
adults coming into contact With the infants. 

Setting; Health maintenance organisation members re¬ 
siding in several suburban comm unities ofDeircit, Mich, 
defined by contiguous 2IP codes. 

Subjects: Ninety-seven (83%) of 117 healthy, full- 
term infants, thought to be at high risk of allergic dis¬ 
ease based on cord blood IgE, who were bom to eligible 
mothers and who completed 24 months o£ follow-up. 

Mdlin Outcome Measures; Average of bimonthly uri¬ 


nary cotiuinfe-crearinineratios (CCRs) during the2years 
of the study. 

Results* There were significant cotTclarions (r^0.28, 
Prs.005) between the frequency of smoking by all 7 cat¬ 
egories of adults considered aiid the average CCSs of the 
infants. Multivariable analysis demonstrated that aver¬ 
age urinary CCRs were significantly associated not only 
with smoking by the infant’s parents, but also Wi th smok¬ 
ing by workers at day care away from the home, persons 
visited away from the home, and persons other than par¬ 
ents residing in the home (overall B. J =0.72, P=.001). 

Conclusions: Smoking by multiple individuals, other than 
the parents, significantly contributes to the ETS exposure 
of infants. These findings suggest chat, at least for infants, 
efforts to reduce the adverse health effects of ETS expo¬ 
sure should extend beyond curtailing parental smoking. 
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N umerous investigations 
have demonstrated ad¬ 
verse health effects from 
passive exposure to envi¬ 
ronmental tobacco smoke 
CETS) in both adults and children. Major ad- 
vrny effects offelS exposure in infants and 
children include an increased frequency of 
lower respiratory tract illness, asthma, on¬ 
us media, hospitalization, and sudden in¬ 
fant death syndrome. 1,10 

Maternal smoking has been, the pri¬ 
mary and sometimes the only source a£ 
El'S exposure related to adverse health ef¬ 
fects in children.* 7 Jlw * Other sources of po¬ 
tential ETS exposure, such as from fa¬ 
thers, day care workers, visitors in the 
child's home, and residents of the child's 
home other than parents, were either con¬ 
sidered statistically insignificant or were 
- not evaluated.®' 1 ' 2 Estimates of a child’s ETS 
• exposure from questionnaire informa¬ 
tion concerning smoking by parents and 
others may be imprecise for several rea¬ 


sons. Smoking 'near a child may be under- 
reported Of overreported because of guilt 
feelings, lapses in memory, or inaccurate 
esnmauK of the frequency of smoking. The 
relationship of questionnaire data lo ac¬ 
tual ETS exposure may also be imprecise 
because of many variables thai axe nor nor¬ 
mally considered, such as the distance be¬ 
tween a smoker and the child, room size, 
room ventilation, and ih£ child's minute 
Verttilalion. D ' ,a One method of attempt¬ 
ing ict overcome these difficulties is by 
measuring a biomarker of ETS absorp¬ 
tion. A frequently usedbiomarker of nico¬ 
tine absorption is eorWne measured in 
blood, saliva, or urine, , ' 1 4t ? '. 1e Cotinine is 
a relatively specific metabolite of nico¬ 
tine and, because of Its longer half-life in 
comparison with nicotine, cotinine con¬ 
centrations are a reflection of nicotine ab¬ 
sorption during the preceding 24 to 72 
hours.' 2,19,50 

As part of a prospective, longitudi¬ 
nal snidy concerning the development of 
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SUBJECTS AND METHODS 

SUBJECTS 

The selection oI the study cohort has been previously de¬ 
scribed, 11 Briefly, all pre gnan t Women living id an area of 
northern suburban Detroit, Mich, defined by contiguous 
ZIP codes and belonging to the largest health mainte¬ 
nance organization in Michigan, were eligible for recruit¬ 
ment if their infants were due between April 15,1987, arid 
August 31,1989, Women meeting eligibility criteria were 
invited zo participate during prenatal visits. If the woman 
agreed to participate, written informed consent, demo- 
graphic data, and health- and lifestyle-related data, includ¬ 
ing smoking habits, were collected by a study nurse, The 
parents of newborns thought to be at increased risk of al¬ 
lergic disease, based on cord blood IgE concentrations of 
Ss0.56 Rl/mL, were asked co allow their child to partici¬ 
pate in an intensive fellow-up study. AH aspects of thestudy 
were approved by the Hemy herd Hospital Human Eights 
Committee (Detroit) and written informed consent was ob¬ 
tained from, the parents at appropriate rimes. 

A study nurse made monthly home visits to partici¬ 
pating families and collected information about the in¬ 
put's exposure to smokers including parents or guard¬ 
ians, persons providing day cafe both in the home and 
outside the hotne, peiscns visiting the home more than 2 
hours per week, and persons visited away from the home 
for more than 2 hours (eg, family friends 2 nd relatives), 
fto attempt was made to obtain a urine specimen every sec- 
nndxuonthfbr measurement ofrotinineandcreatiiuiis. Data 
from birth through age 2 years are included in this study. 
Carmine levels in the u rine were measured by radioimmu¬ 
noassay by the Clinical Biochemistry Facility, American 
Health Foundation (Valhalla, NY). Crtauxse levels were also 
measured lo correct for the dilution of the urine. In an ef¬ 
fort to correct for the wide variation in urine specific gravi¬ 
ties, all analyses are performed using the cotinine- 
creatinlns ratio (CCfi), "repressed as Ttirogjarns of connlrie 
per milligram of creatinine, as in other stadias. 7,,^J, ' 


STATISTICAL methods 

During data analysis the natural logarithmic transforma¬ 
tion of the CCR si (LnCCR) Was Used so that the distri¬ 
bution of the data more closely appro?amaied a normal dis¬ 
tribution, One was added to each CCR to avoid ihe 
mathematically undefined quantity of the logarithm of 0. 

Seven variables, categorizing the frequency of smok¬ 
ing by groups of persons potentially coming Into dose con¬ 
tact with the infants, were generated based on the ques¬ 
tionnaire results. These ware defined as the percentage of 
rimes the questionnaire identified potential ETS exposure 
as a result of smoking by an Individual included in the group. 
The questionnaire was administered monthly over 2 years 
so each exposure variable represents the average of up io 
24 observations. At fet^t 3 observations were required for 
inclusion in this analysis. The 7 groups of individuals were 
(1) mothers or female guardians, (2) fachiirs or male guard¬ 
ians, (3) other regular residents of the child’s home, (4) 
persons visiting the home for more than 2 hours per week 
(other than day care), (5) persons the infant visited out¬ 
side the home for more than 2 hours (other than day care). 
(6) persons providing day care inside the home, and (7) 
persons providing daycare outside of the home. Variables 
representing smoking by persons within groups over 2 years 
were expressed.as fractions ranging from 0, indicating that 
no smoking was t'-er reported by any member of the group, 
to 1, indicating that smoking was always repor ted by at hast 
1 member of the group on each questionnaire. A sum¬ 
mary estimate of the total potential ET5 exposure during 
the 2 years of observation was generated by adding the frac¬ 
tions indicating smoking for each of the 7 groups. 

The smoke exposure variables were core elated to the 
average LnCCR+i for the infants Using Pearson correla¬ 
tion. A multiple regression approach was used to assess 
which sets of variables best predicted the average LnCCR 
of the infants. A stepwise technique was used for the indi¬ 
vidual variables followed by evahiB non of particular a priori 
interactions of interest. P<.Q5 was considered, an. indica¬ 
tion of statistical significance. 


allergic disease is c hildr en, v/c collected questionnaire 
informs don ab out possible sources of ETS exposure and 
urine samples for corintne measurements in a birth co¬ 
hort of infants followed up from birth until age 2 years. 
The data were analyzed to determine die relative contri¬ 
butions from diff erent groups of cigarette smokers to the 
average urinary cothurni concentration in the infants. We 
specifically wanted to learn whether the mother’s smok¬ 
ing was the dominant determinant of an infant's ET5 ex¬ 
posure and whether smoking by others in the vicinity of 
the infant significantly contributed to ETS exposure. 


RESULTS 


One hundred seven of 117 eligible Infants were ini dally 
enrolled in the study; 8 families dropped out within the 
first 6 months, leaving 99 infants. Each child was sched¬ 
uled to have 12 urine samples, one every other month for 
2 years, and. 24 monthly questionnaires. There were 97 
vnbmre (98%) who had at least 3 urine samples arid 6 ques¬ 
tionnaires completed. For these 97 infants a total of 703 


(60.4%) of the scheduled uritiesamplesand2125 (90,9%) 
of the questionnaires were completed feran average of 7-2 
and 21.8 per child, respectively, Qf tht 97 participating 
infants. 90 (92.8%) were while, 1 (1.0%) was African 
American, and 6 (6.2%) were from other Tadul groups. 
Consistent with the fact that these children were from 
■middle-class suburbs. 73.1% of chs fathers at least some 
college education as did 71.1% of the mothers. 

The reported smoking habits of the mothers and fa¬ 
thers were generally consistent throughout the 2-year ob¬ 
servation period, although there were occasional changes 
in smoking habits. Considering these occasional changes, 
we arbitrarily defined nonsmokers as those who re¬ 
ported smoking on less than 23% of the questionnaires 
and smokers as chose who reported smoldng on 25% or 
more of the questionnaires. Of the 97 mothers, 78 were 
classified as nonsmokers and 19 as smokers. None of the 
mothers who smoked during pregnancy stopped smok¬ 
ing during the smdy and 4 women wad had stopped 
smoking during pregnancy started again before the in- 

him was 1 month of age and continued throughout the 
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‘■for each groan, sty reported smoking ty any member ui Ore group is 
considered smoking by ihegtolip. 

i Smoking by person providing day can hr the Infant either in the Infant s 
home or In a location ether than tha infant's home. 


2yeaTS of the srudy. 5evensy-two fathers werenonsmok- 
ers and 25 wete smokers- Overall, mothers and fathers 
classified as nonsrnokers reported smoking on only Q-2% 
of questionnaires. Reports of mothers and fathers clas¬ 
sified as smokers were less consistent Five of 19 smok¬ 
ing mothers and 11 of25 sinoJdngfathers werereported 
as nonsmokers at least once; however, mo filers classi¬ 
fied as smokers reported smoking on 95.8% of all ques¬ 
tionnaires and fathers classified as smokers reported 
smoking an 08.0% of all questionnaires. The reported 
smoking status of other groups considered in this study 
was much less consistent (data not shown), 

In the srudy population of 97 infants, CCRs ranged 
from 0 to 5300 ngting. The average of che mean CCftS 
for all infants was 250 ng/mg (SD=5Q3 ng/mg) com¬ 
pared with averages of 94 ng/mg (SD= 165 ng/mg) for in¬ 
fants of-nonsmoking mothers and 890 ng/mg (SD = 833 
ng/mg) for infants of smoking mothers. 

To evaluate the relationships between reported smok¬ 
ing and average CCRs, we first examined the correla¬ 
tions between die mean percentage of the time smoking 
was reported by each of the 7 groups of persons to whom 
the infant might be exposed, and the mean LnCCK foT 
the infant. The results of these calculations are pre¬ 
sented in Table 1. The mothers' and fathers' smoking 
frequencies have the highest correlations with the mean 
CCRs for infants: 0.56 and 0,62, respectively. The smok¬ 
ing frequencies for day care, when it is provided in the 
home, and smoking by persons visited away from home, 
have similar correlations, with average CCRs of 0.33 and 
0.48, respectively. The correlations between average CCRs 
anti smoking frequency of day care away from the home 
(0,36), other residents at the child’s home (0.30), and 
visitors to the child’s home (0.28) are smaller but still 
highly significant. 

Multiple regression modeling was used to evaluate 
the relationships between questionnaire data about po¬ 
tential ETS exposures and an infant’s mean CCR. The fi¬ 
nal multiple regression model is presented in Table 2 
The model shows that the frequency of smoking by moih- 
6rs, fathers, parsons visited away from home, other per¬ 
sons living in. tha home, and child care away £r om home 
are all significant contributors to the average CCRs found 
in the infants, The overall model for predicting the av¬ 
erage LnCCK has a high A 1 of 0.72 and is significant with 
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* Overall R*? 0.72 wlrtt model Ps.OQl 
t Child's sex Is coded 0 tor male end 1 lor female. 


F=.001. Two interactions were included in the model 
based Dn P values of less than .10, a level ws considered 
significant for interactions. The first is an Interaction bs- 
rween 'maternal and paternal smoking. The mothers’ 
smoking frequ ency and fathers’ smoking frequency have 
similar coefficients of 2.7 and 2.4, respectively. The nega¬ 
tive coefficient for the mother-father interaction sug¬ 
gests that the 2 exposure sources are not additive. Com¬ 
pared with no smoke exposure, a mother's smoking alone 
increases the LnCCR by 2,7, while the father's smoking 
alone increases the LnCCR by 2.4, but when both the 
mother and father smoke the LnCCR increases to only 
3.8 (not 2,7 + 2A or 3.1 as would he predicted by an 
additive effect). The second interaction is between the 
child’s sex and day care. Reported, smoke exposure dur¬ 
ing day care away from the home (coefficient^ 2.76) and 
the interaction between this exposure category and the 
infant's sex (coefficient=-1.93) are both significant in 
the model. The sex of the infent (coefficient^-0.24) as 
a individual variable was not significant but Was in¬ 
cluded in the model for completeness. These coeffi¬ 
cients imply that for male, children, ETS exposure'in day 
care away from home increases the LnCCR by 2.76, while 
for female children, similar exposure increases LnCCRs 
by only 0-59, since the variable for the infants' Sex en¬ 
tered into the model was coded as 1 for males and 0 for 
females. ‘We examined the condition indices to check for 
multicollmearity in this regression model and fo und that 
all -indices were well below the levels suggesting eol- 
lmeaxity, 31 

To further evaluate the relationship between the 
2-year mean CCRs and all potential sources of ETS ex¬ 
posure reported during the same interval, we compared 
the mean LnCCRs of each infant to the sum of the frac¬ 
tions of the time smoking was caponed for each of the 7 
previously defined groups of people. If smoking was ne v er 
reported by any member of the groups around an infant 
during the 2 years, the sum would be 0 T while if smok¬ 
ing was always reported for at least 1 individual in each 
group the sum would be 7. The results of ibis analysis 
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Curralatlan between the sum of the percentages at time that Infants were 
reportedly exposed to environmental tobacco smoke from 7 different groups 
of individuals and the logarithmically transformed average pf pH of the 
cottnlniHwaatlnlns ratios tor the infants. The correlation coeft/dent (orths 97 
Infants studied is highly signit'.nPnt (1=0,80. P<,001). 

■ait shown in the Figure. The correlaEton of 0-80 is highly 
significant (P-ri.DDl) and appears lo he linear, suggest¬ 
ing thai as (he frequency of smoking by individuals com¬ 
ing into contact withanlrJant increases, the tneanlnCCR 
of the infant increases proportionally- If parental smok¬ 
ing was the dominantsource of exposure the curve would 
be expected to increase from 0 to 2 and then flatten or 
be random between 2 and 6. 

We also looked at the average CCRs In infants when 
both parents were nonsmokers. A previous study found 
that a CCR of more than 30 ng/mg differentiated ET5- 
exposed from nonescposed children. 1 “ Using this value 
we found that 31 £47'. 7%) of the 65 infants of nonsmok¬ 
ing parents had average CCRs of more than 30 ng/tng. 
The average CCKfor these 31 children was 97.9 ng/mg. 
Among these 63 infants of nonsmoking 'parents, only 6 
£23.0%) of 24 infants who were reported, as exposed to 
either none or 1 category of smoking adult had average 
CCRs of greater chan 30 ng/mg, but 25 (61.0%) of the 
41 infants exposed to 2 or more categories of smo k i n g 
adults had average CCRs of more than 30 ng/mg. 


COMMENT 


Ws have found that smoking by adults other chan par— - 
exits was significantly related to the average ETS expo¬ 
sure: of infants as assessed by urinary CCRs between birth 
and age 2 years. In. many infants exposure to ETS from 
adults other than the parents produced. CCRs that were 
above the previously reported threshold used, to iden¬ 
tify children of smoking parents. 10 Given the many ad¬ 
verse health effects related to passive ETS exposure, our 
results suggest that the safety of infants depends on. re¬ 
ducing smoking hy-ah adults having regular contact with 
infa nts, just jjjst the parents. 

Our results are generally consistent with previous 
studies. The CCEs we observed are similar to chose re¬ 
ported by oihfiTS- y,;lft;0 Given the many variables related 
to ETS exposure, the relative large variations we ob¬ 
served in CCRs within infants during 2 years of obser¬ 


vation is understandable, while some have suggested char 
cotixiine measurements are relatively stable over rime in 
passively exposed children, 1 others have also re¬ 
ported large Variations. 16 

We were not surprised to find, that self-reported smok¬ 
ing was very consistent in rhK group of suburban parents. 
Even though their child was enrolled in a study evaluat¬ 
ing factors associated with the development of allergic dis¬ 
ease, few parents stopped smoking during the 2 years of 
observation. Our observation that smoking by other groups 
was less consistent than parental smoking is understand¬ 
able, since multiple individuals wexe often considered to¬ 
gether in the other groups; eg, visitors to the infants home 
could be a family friend one day and a grandparent an¬ 
other day. Consistent with other studies, we found a highly 
significant correlation between maternal smoking and 'the 
quantity of eoiinme in an infant's urine. 15 -'- 7 - 10 ^- 71 Also 
consistent with some other studies, 7 - 1 -'- 24 -* 5 we found that 
smoking by other adults was significantly coixdaied with 
urinary corinine measurements. 

We -were surprised to find that a noticeable propor¬ 
tion of children with nonsmoking par mis showed evi¬ 
dence of relatively high levels of ETS exposure. This dis¬ 
crepancy shews the Value of either using a Liomarker of 
ETS exposure or collecting comprehensive exposure data, 
rather than relying solely on reports of parental smok¬ 
ing as an estimate of ET5 exposure. As we have previ¬ 
ously reported, repeated measurements of'urinary CCRs 
vary widely for individual infants 26 This variability from 
one sample to another suggests that crosS-sectioiiai stud¬ 
ies of ETS exposure based on CCRs must be interpreted 
cautiously. However, the average of multiple CCRs. 
obtained during 2 years of observation, was highly cor¬ 
related with the estimated frequency of ETS exposure 
reported on detailed questionnaires, 36 

Strengths of this study include the prospective de¬ 
sign. the relatively large number of infants, and the re¬ 
peated sampling with both questionnaires and CCR. 
measurements. The relatively high retention rate of in¬ 
fants and the fraction of samples actually completed 
ere also important. The urinary carmine and creatinine 
values were measured in an experienced laboratory, in a 
blinded fashion, using standard methods, reducing the 
risk of laboratory bias. 

One limiiation of our study is that we only asked 
about whether adults in each group smoked and did not 
ask about the number of cigarettes smoked. If we Kid ob¬ 
tained data on. the amount each person Smoked we might 
have found an even stronger correlation between the ques¬ 
tionnaires and CCR measures. Another limiiarioa Is the. 
failure to obtain all of the scheduled urine samples and 
to complete follow-up of all infants DrigjrfaUy enrolled 
in the study. Wt do not fed that these are likely to have 
resulted In erroneous results since the number of drop¬ 
outs was small and wt obtained more than 60% of the 

scheduled u rin e samples, an average of more than 7 of 

the 12 scheduled trine samples p er child, it would have 
been better to obtain monthly or bimonthly per mn samp lra 
for corinine analysis; however, this was not feasible. - 

W e did not attempt to analyze the data for changes 
in CCRs with increasing age, since the age interval we 
studied was small and we expected that most infants of 
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dais age would be kepi in relatively close proximity 10 
paienis. We did analyze our darn to see if there was evi¬ 
dence that breastfeeding by a smoking mother in¬ 
creased the CCR in her infant. We found evidence that 
nicotine or cotinine was transmitted by breastfeeding, in 
that breastfed infants of smoking mothers had higher 
CCRs than bottle-fed infants of smoking mothers- We did 
noipresent these data here, since others have already done 
so and this finding does 'not alter our other conclu¬ 
sions. a7,2fl 

In conclusion, we Jhavfc found that smoking by many 
adults beyond an infant's parents significantly contrib¬ 
utes to the average quantity of counine found in the mine 
of infants. Given the many wed-documented adverse ef¬ 
fects of passive ETS exposure) our findings suggest that 
efforts to reduce the health effects of ETS cm infants muse 
include reducing exposure to all sources of cigarette 
smoke. 
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